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ABSTRACT 

We present the results from a monitoring campaign of the Narrow-Line Seyfert 1 
galaxy PG 1211+143. The object was monitored with ground-based facilities (UB- 
VRI photometry; from February to July, 2007) and with Swift (X-ray photome- 
try/spectroscopy and UV/Optical photometry; between March and May, 2007). We 
found PG 1211-1-143 in a historical low X-ray flux state at the beginning of the Swift 
monitoring campaign in March 2007. It is seen from the light curves that while vio- 
lently variable in X-rays, the quasar shows little variations in optical/UV bands. The 
X-ray spectrum in the low state is similar to other Narrow-Line Seyfert 1 galaxies 
during their low-states and can be explained by a strong partial covering absorber or 
by X-ray reflection onto the disk. With the current data set, however, it is not pos- 
sible to distinguish between both scenarios. The interband cross-correlation functions 
indicate a possible reprocessing of the X-rays into the longer wavelengths, consistent 
with the idea of a thin accretion disk, powering the quasar. The time lags between the 
X-ray and the optical/UV light curves, ranging from ^2 to ^18 days for the different 
wavebands, scale approximately as '-^ A^/'^, but appear to be somewhat larger than 
expected for this object, taking into account its accretion disk parameters. Possible 
implications for the location of the X-ray irradiating source are discussed. 

Key words: quasars: individual: PG 1211-1-143; quasars: general; galaxies: active, 
photometry; accretion, accretion disks 



1 INTRODUCTION 

Powered by accretion, supposedly onto a supermassive black 
hole, quasars (Active Galactic Nuclei, AGN) are long known 
mostly as highly energetic, exotic objects in the hearts of 
the galaxies. Not until recently was their key role in galaxy 
evolution realized, revealed mostly as a strong correlation 
between the properties of the central black hole and that of 
the host galaxy (Magorrian et al. 1998, Ferrarese & Merritt 
2000). Studying quasars, therefore, is not only important to 
understand the underlying physics; it can also help to shed 
some light on the strange interplay between the accreting 
matter from the host and outflows from the center, which 
ultimately shape both - the black hole and the galaxy. 

Although a general picture of the structure of a typi- 
cal quasar seems to be widely accepted (e.g. Elvis 2000; see 
also Krolik 1999), there are still many details in this picture 
that are not fully understood. Many of the problems to be 



solved concern AGN continuum variability - a rather com- 
mon property, observed in practically all energy bands. Its 
universality indicates perhaps that variability should be an 
intrinsic property of the processes, responsible for continuum 
generation. The optical/UV to X-ray part of the continuum 
spectrum, as typically assumed, originates from an accretion 
disk around the central supermassive black hole. 

Generally, X-ray variability can be caused by several 
factors: a change in the accretion rate; variable absorp- 
tion (e.g. Abrassart & Czerny 2000); variable reflection (e.g. 
through a change of the height of the irradiating source, 
Miniutti & Fabian 2004; see also Gallo 2006, Done & Nayak- 
shin 2007); some combination of reflection and absorption 
(e.g. Chevalier et al. 2006; Turner & Miller 2009); hot spots 
orbiting the central black hole (Turner et al. 2006; Turner 
& Miller 2009); local flares (Czerny et al. 2004), etc. 

The AGN type with the strongest X-ray variability is 
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the class of Narrow- Line Seyfert 1 galaxies (NLSls, e.g. 
Osterbrock & Pogge, 1985). In addition, NLSls show the 
steepest X-ray spectra seen among all AGN (e.g. Boiler et 
al. 1996, Brandt et al. 1997, Leighly 1999a, b, Grupe et 
al. 2001). Most of their observed properties, like spectral 
slopes. Fell and [OIII] line ratios, CIV shifts, etc., appear to 
be driven by the relatively high Eddington ratio L/L-Edd in 
these objects (e.g. Sulentic et al. 2000, Boroson 2002, Grupe 
2004, Bachev et al. 2004). 

What concerns the optical/UV variability, the picture 
there is even more puzzling. There are many factors that can 
contribute to the variations of the optical flux, but most 
of them can account for the long-term (months to years) 
changes. There are often reported in many objects, however, 
short-term (day to week) optical/UV variations, simultane- 
ous with or shortly lagging behind the X-ray variations. An 
interesting idea that can explain such a behaviour is repro- 
cessing of the highly variable X-ray emission into optical/UV 
bands. 

In this paper we address the question of the relations 
between the X-ray and the optical/UV emission by study- 
ing the variability from X-rays to I-band of the NLSl PG 
1211-1-143. This NLSl has been the target of almost all ma- 
jor X-ray observatories since EINSTEIN (Elvis et al. 1985) . 
The X-ray continuum displays a strong and variable soft 
X-ray excess (Pounds & Reeves 2007) . From XMM-Newton 
RGS data. Pounds et al. (2003) suggested the presence of 
high-velocity outflows in PG 1211-1-143, a result that was 
questioned by Kaspi & Behar (2006). However, high- velocity 
outflows seen in X-rays have been repeatedly reported (e.g. 
Leighly et al. 1997) and new XMM-Newton data of PG 
1211+143 (Pounds & Page 2006) seem to confirm the pre- 
vious claims made by Pounds et al. (2003). 

Our primary goal is to find out if and how the X-ray 
variations are transferred into the longer-wavelength con- 
tinuum. Time delays between the flaring X-ray emission, 
presumably coming from a compact, central source and the 
optical/UV light curves are expected, provided the X-rays 
are reprocessed in the outer, colder part of an accretion disk. 
Such a study may have implications on two important prob- 
lems - the radial temperature distribution of an accretion 
disk (and hence - the type of the disk) and the location of 
the X-ray source, based on how much the disk "sees" it. 

This paper is organized as follows: In Section 2 we de- 
scribe the Swift and ground-based optical monitoring obser- 
vations. Section 3 focuses on presenting the results of this 
study and in Section 4 we discuss these results in the con- 
text of the general picture of AGN. Throughout the paper 
spectral indexes are denoted as energy spectral indexes with 
Fi, oc Luminosities are calculated assuming a ACDM 

cosmology with S1m=0.27, r2A=0.73 and a Hubble constant 
of Ho=75 kms^^ Mpc-\ 



2 OBSERVATIONS AND REDUCTIONS 
2.1 Swift data 

The Swift Gamma-Ray Burst (GRB) explorer mission 
(Gehrels et al. 2004) monitored PG 12114-143 between 2007 
March 08 and May 20. Note, that scheduled observations 



were twice bumped by detections of Gamma-Ray-Burst^, 
explaining the absence of segments 15 and 20 (Table Al). 
After our monitoring campaign in 2007, PG 1211-1-143 was 
re-observed by Swift in February 2008 (segment 24) How- 
ever, this observation was used to slew between two targets. 
Therefore, this observation is very short (188s) and no X- 
ray spectra or UVOT photometry data were obtained. This 
observation only allows to measure a count rate. A sum- 
mary of all Swift observations is given in Table IXT] The Swift 
X-Ray Telescope (XRT; Burrows et al. 2005) was operat- 
ing in photon counting mode (PC mode; Hill et al. 2004) 
and the data were reduced by the task xrtpipeline version 
0.10.4, which is included in the HEASOFT package 6.1. 
Source photons were selected in a circular region with a ra- 
dius of 47 and background region of a close by source-free 
region with r = 188 . Photons were selected with grades 
0-12. The photons were extracted with XSELECT version 
2.4. The spectral data were re-binned by using grppha ver- 
sion 3.0.0 having 20 photons per bin. The spectra were ana- 
lyzed with XSPEC version 12.3.1 (Arnaud 1996). The ancil- 
lary response function files (arfs) were created by xrtmkarf 
and corrected for vignetting and bad columns/pixels using 
the exposure maps. We used the standard response matrix 
swxpc0tol2s0_20010101v010.rmf. Especially during the low- 
state the number of photons during one segment is too small 
to derive a spectrum with decent signal-to-noise. There- 
fore we co-added the data of several segments to obtain 
source and background spectra. In order to examine spectral 
changes at different flux/count rate levels, we created spec- 
tral for the low, intermediate, and high states with count 
rates CR <0.12 counts s"\ 0.13<CR<0.2, and CR >0.2 
counts s~^. This lead to high state source and background 
spectra co-adding the data from 2007 April 22, May 09 and 
14 (segments 018, 021, and 022), 2007 March 26 and Aprfl 
02 (segments 13 and 14) for the intermediate state, and all 
other for the low state. As for the arfs, we created an arf 
for each segment and coadded them by using the ftool ad- 
dar/ weighted by the exposure times. Due to the low number 
of photons in the February 2008 observation (segment 024) 
no spectra could be derived. Fluxes in the 0.2-2.0 and 2-10 
keV band for this segment were determined from the count 
rates in these bands by comparing the fluxes during the high 
state during segments 018, 021, and 022, assuming no spec- 
tral changes. All spectral flts were performed in the observed 
0.3-10.0 keV energy band. In order to compare the obser- 
vations from different missions we use the HEASARC tool 
PIMMS version 3.8. 

Data were also taken with the UV/Optical Telescope 
(UVOT; Roming et al. 2005) , which operates between 1700- 
6500 A using 6 photometry fllters. Before analyzing the 
data, the exposures of each segment were co-added by the 
UVOT task uvotimsum. Source counts were selected with 
the standard 5 radius in all filters (Poole et al. 2008) and 
background counts in a source-free region with a radius 
r=20 . The data were analyzed with the UVOT software 
tool uvotsource assuming a GRB like power law continuum 
spectrum. The magnitudes were all corrected for Galactic 



^ Although Swift has turned into a multi-purpose observatory, its 
main focus is still on observing GRBs and therefore GRBs will 
supersede scheduled ToO observations. 
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reddening Eb-v = 0.035 given by Schlegel et al. (1998) us- 
ing the extinction correction in the UVOT bands given in 
Homing et al. (2009). 

2.2 XMM-Newton data analysis 

In order to compare the results derived from the Swtft ob- 
servations we also analyzed the XMM-Newton data of PG 
1211-H43. XMM-Newton observed PG 1211-M43 on 2001 
June 15 and 2004 June 21 for 53 and 57 ks, respectively 
(Pounds & Reeves 2007). Because our paper focuses on the 
Swift and ground-based monitoring campaigns in 2007 we 
reduced only the XMM-Newton EPIC pn data. A complete 
analysis of these XMM-Newton data sets can be found in 
Pounds et al. (2003), Pounds & Page (2006) and Pounds & 
Reeves (2007). The XMM-Newton EPIC pn data were re- 
duced in the standard way as described e.g in Grupe et al. 
(2004). 

2.3 Ground-based observations 

Additional broad-band monitoring in UBVRI bands was 
performed on 3 telescopes: the 2-m RCC and the 50/70-cm 
Schmidt telescopes of Rozhen National Observatory, Bul- 
garia and the 60-cm telescope of Belogradchik Observatory, 
Bulgaria. All telescopes are equipped with CCD cameras: 
the 2-m telescope with a VersArray CCD, while the smaller 
telescopes - with SBIG ST-8. Identical (U)BVRcIc filters are 
used in all telescopes. The ground-based monitoring covered 
a period of about 5 months (February - July, 2007), during 
which the object was observed in more than 40 epochs in 
BVRI bands, and occasionally - in U. The photometric er- 
rors varied significantly depending on the telescope, the fil- 
ter, the camera in use and the atmospheric conditions, but 
were typically 0.02 - 0.03 mag. (rarely up to ~0.1 mag in 
some filters for the smaller instruments). 



3 RESULTS 

3.1 Long-term X-ray Light Curve 

Figure[T] displays the long-term 0.2-2.0 and 2.0-10.0 keV 
light curves. Most of the data prior 2000 were taken from 
Janiuk et al. (2001). The ROSAT All-Sky Survey point at 
1990.9 was taken from Grupe et al. (2001). The XMM 2001 
and 2004 and the Swift fiuxes were from our analysis as 
presented in this paper. PG 1211-1-143 has become fainter 
over the last decades in both soft and hard bands with the 
strongest changes in the soft band. Historically, in the early 
1980s, PG 1211-1-143 had been in a much brighter X-ray 
state than over the last decade. During the beginning of the 
Swift monitoring campaign in March 2007, PG 1211-1-143 
appeared to be in the lowest state seen so far. At the end 
of our monitoring campaign in May 2007 PG 1211-1-143 was 
back in the high state that was previously known from the 
XMM observations. The latest data point is from February 
2008. The 0.2-2.0 and 2-10 keV fiuxes during that obser- 
vation are comparable with the XMM observations. As for 
the Swift data taken in 2007 and 2008 we used the flux val- 
ues obtained from the low and high state spectra. As for the 
February 2008 data fiux points we converted the count rates 
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Figure 1. Long-term 0.2-2.0 and 2.0-10.0 keV X-ray light curves 
of PG 1211-1-143. The fiuxes are given in units of 10~^^ ergs 
cm . 

into fiuxes assuming an X-ray spectrum as seen during the 
Swift high states. 

3.2 Swift XRT and UVOT light curves 

The Swift XRT count rates and hardness ratio^, and UVOT 
magnitudes are listed in Table lX2l These values are plotted 
in Figure[2] At the beginning of the Swift monitoring cam- 
paign in March 2007, PG 1211-f 143 was found in a very low 
state. Compared to previous ROSAT and XMM-Newton ob- 
servations, reported by e.g. Grupe et al. (2001) and Pounds 
et al. (2003, 2006, 2007), PG 1211-1-143 appeared to be 
fainter by a factor of about 10. At the end of the monitoring 
campaign in May 2007, PG 1211-1-143 reached a flux level 
that was expected from the previous ROSAT and XMM- 
Newton observations. A later observation by Swift on 2008 
February 17 found it at a level of 0.375±0.045 counts s~^ 
and confirmed that it returned back in a high state. The low- 
state, found in March 2007, seems to be just a short tempo- 
rary event. A behaviour like this is not unseen in AGN and 
has been recently reported for the NLSl Mkn 335 by Grupe 
et al. (2007b, 2008a), which had been found in a historical 
low state by Swift and XMM-Newton. 

Besides the X-ray variability, PG 1211-1-143 also dis- 
plays some variability at optical/UV wavelengths, although 
on a much smaller level than in X-rays. Table|X2] lists the 
magnitudes measured in all 6 UVOT filters. All 6 light 
curves are also plotted in Figure^ The most significant drop 
occurred in all 6 filters during the 2007 April 17 observation. 

2 The XRT hardness ratio is defines as HR=(H-S)/(H-|-S) with S 
and H are the counts in the 0.3-1.0 keV and 1.0—10.0 keV bands, 
respectively. 
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Figure 2. Swift XRT and UVOT light curves. The XRT count 
rates are given in units of counts s~ ^ . The hardness ratio is defined 
in Section 3.2. AH UVOT magnitudes are corrected for Galactic 
reddening (Eb-v=0.035; Schlegel et al. 1998). 



Table 1. Field standards 



Star 


B \" 




1 


A 


11.80 (0.08) 11.35 (0.05) 


10.97 (0.06) 


10.71 (0.05) 


B 


15.34 (0.10) 


14.80 (0.07) 


14.35 (0.07) 



During the next observation on 2007 April 22, PG 1211+143 

not only became brighter again in the optical/UV, but also 
showed an increase in count rate by a factor of almost 4 in 
X-rays. 



3.3 Ground-bsised monitoring 

3.3.1 Secondary standards 

In order to facilitate future photometric studies of PG 
1211+143, we calibrated secondary standards in the field 
of the object, shown as stars "A" (USNO Bl 1039-0200330) 
and "B" (USNO Bl 1040-0199800) in Figure 3. The mag- 
nitudes with the errors (due primarily to the errors of the 
calibration) are given in Table 1. Mostly Landolt standard 
sequences (Landolt 1992) were used for the calibration (PG 
1633+099) and in some occasions - M67 (Chevalier & Ilo- 
vaisky 1991). 



(>332..F,F(J3SJ| 



PG 121H-143 



* 



Figure 3. Stars in the filed of PG 1211+143, used for the ground- 
based difi^erential photometry. Their optical (BVRI) magnitudes 
are calibrated and shown in Tab. 1. A nearby RR Lyr variable is 
also shown. CDS Aladin service was used to generate the picture. 



3.3.2 Magnitude adjustments 

The light curve (LC) of PG 1211+143 (Sect. 3.4) is built 
by measuring its differential magnitude in respect to the ad- 
jacent field stars, none of which showed signs of variability 
(with the exception of a known RR Lyr type star, CI Com, 
located very close to the quasar) . Since the data are collected 
on different instruments using different cameras (even with 
identical filters) it is not unusual for an object with strong 
emission lines to show a differential magnitude, slightly de- 
pending on the instrument. The reason for this complica- 
tion is mostly related to the nature of the quasar spectrum: 
if a strong emission line falls in a wavelength region where 
the cameras have different sensitivities, or the filter trans- 
parency is slightly diflferent, one may get a broad-band diflfer- 
ential magnitude depending on the instrument. In our case 
all R-band magnitudes of the quasar had to be adjusted by 
0.1 mag for one of the instruments (the 50/70cm Schmidt 
telescope), probably due to the reasons described above. The 
adjustment corrections were easily obtained through com- 
parison of the light curves, which cover each other on many 
occasions. We should note, however, that the exact quasar 
magnitudes are not of importance for this study, as the vari- 
ations are only considered. 

Additionally, the ground-based UBV magnitudes were 
similarly adjusted to match the corresponding Swift magni- 
tudes. Actually, after the correction for the Galactic redden- 
ing, the adjustments for the ground-based B and V magni- 
tudes were very minor, typically less than 0.03 mag, which 
is smaller than the uncertainties of the calibrated field stan- 
dards (Sect. 3.3.1). 

A log of the ground-bas ed ob servations, including the 
obtained UBVRI magnitudes of the quasar after the correc- 
tions for the Galactic reddening is presented in Table A3. 
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Figure 4. Optical (UBVRI) and X-ray light curves for the time of the monitoring (February — July, 2007). Where necessary, arbitrary 
constants are added to the magnitudes to separate the curves and improve the presentation (see the text). The X-ray count rates are 
converted into arbitrary magnitudes (using mx = — 2.5 log(C.il.) -|- constant) for a better comparison with the optical variability. The 
optical data are combined from all instruments. 



3.4 Combined light curves 

The combined continuum light curves of PG 1211-fl43 for 
the time of monitoring arc presented in Figs. 4 and 5. Fig. 
4 compares the X-ray with the optical (UBVRI) variations, 
all transformed into arbitrary magnitudes for presentation 
purposes. The optical data are combined from all participat- 
ing instruments. One sees that the erratic X-ray variations 
(almost 2.5 magnitudes) hardly influence the optical flux, 
which shows only minor variations on a generally decay- 
ing trend. Figure 5 presents the most intense period of the 
monitoring, comparing X-ray and V-band magnitudes. The 
V-band LC for that period stays remarkably stable, with 
a RMS smaller or comparable to the typical photometric 
errors. 



3.5 Time delays 

In order to study the time delay dependence of the wave- 
length we performed a linear-interpolation cross-correlation 
analysis (Gaskell & Sparke 1986) between the X-ray and 
the other bands' light curves. The interpolation between the 
photometric points is needed due to unevenly sampled data 
and is one of the frequently used methods. Other methods 
applied in the literature do not seem to obtain significantly 



different results (e.g. discrete CCF, Edelson & Krolik 1986; 
z-transformcd CCF, Alexander 1997) when compared. 

Figure 6 shows the interpolation cross-correlation func- 
tions, ICCF(t), between the X-ray LC and the other band 
LCs. A maximum of an ICCF(r) for a positive r indicates 
a time delay behind the X-ray changes and is a signature 
of a possible reprocessing. Although the ICCFs are mostly 
negative, due to the difl^erent overall trends of the X-ray and 
optical/UV wave-bands, a clear maximum for a positive t 
is evident for most wave-bands. 

Since the X-ray points distribution was far from a Gaus- 
sian, even on a magnitude scale, a rank correlation was at- 
tempted, but the resulting ICCFs appeared to be very sim- 
ilar. 

Table 2 and Figure 7 show the wavelength dependence 
of the time lag. The wavelengths are taken from the cor- 
responding transmission curve of the filters used (with un- 
certainties associated with the band widths) and the time 
delays are from the ICCF maxima. 

One sees that for the I-band the highest peak of the 
ICCF (Figure 6) is at t ~ —2 days, indicating a possible 
short lag of the X-rays behind the near-infrared emission. 
Another, lower peak at r ~ +18 days is also evident. This 
maximum could probably be asso ciated with repr ocessing 
and is plotted in Figure 7 mostly to demonstrate its consis- 
tence with the fit (see below). However, the I-band response 
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Table 2. Wavelength dependence of the time delays with uncer- 
tainties. For I-band, the highest and the first positive (in paren- 
theses) ICCF maxima are shown (see the text). 



PG 1211+143 



Filter 


A„ (A) 


FWHM (A) 


r (days) 


Ar (days) 


UVW2 


1928 


657 


2.5 


3 


UVM2 


2246 


498 


2.5 


3.5 


UVWl 


2600 


693 


2 


3 


U 


3465 


785 


4 


3.5 


B 


4392 


975 


5 


3.5 


V 


5468 


769 


13 


3 


R 


~6500 


~700 


14 


4 


I 


~8300 


~1000 


-2 (18) 


3 (4) 



to the X-ray variations seems to be more complicated than 
the simple reprocessing model suggests, as we discuss later 
in Sect. 4 

Uncertainties of the maximum of the ICCFs are dif- 
ficult to assess. Although there are methods, described in 
the Uterature (Gaskell & Peterson 1987), one can hardly 
rely completely on so computed uncertainties, since the true 
behaviour of the light curve at the places where it is in- 
terpolated is anyway impossible to predict. That is why we 
accepted the width of ICCF profile at an appropriate level 
around the peak as an indicative of the uncertainty. This 
approach is very simple and in addition incorporates into 
the errors such unknowns as the inclination of the disk in 
respect to the observer, the spatial size of the irradiating 
source, etc. See Bachev (2009) for more discussions on these 
issues. 

A clear relation between r and A is seen and an accept- 
able (nonlinear) fit to the data is t\ ~ 9A5QQQ [daysjf], where 
A5000 is A/5OOOA. Section 4 discusses possible implications 
of this result and how it fits into the model of reprocessing 
from a thin accretion disk. 



3.6 X-ray Spectroscopy 

As described in Section 2.1, the data were combined to 
derive low, intermediate and high-state spectra of PG 
1211-1-143. These data were first fitted by a single absorbed 
power law model with the absorption column density fixed 
to the Galactic value (2.47 x 10^° cm"^; Kalberla et al. 2005). 
TableO lists the spectral fit parameters. Obviously a single 
power law model does not represent the observed spectrum. 
Figure|8] displays this fit simultaneously to the low and high 
state Simft spectra. As a comparison, Table|3] also lists the 
resuhs for the fits to the 2001 and 2004 XMM-Newton EPIC 
pn data. As the next step we fitted the spectra with a bro- 
ken power law model. Although this model significantly im- 
proves the fits and describes the spectra quite well, it is not 
a physical model. Especially in the low-state the hard X- 
ray spectral slope appears to be very flat with ax=-0.18. 



^ All the calculations here are performed using the observer's 
frame measurements. Due to the similar way the times and the 
wavelengths are afi'ected by the redshift, for the quasar rest frame 
the delay in the t — A dependence increases only by (1 -|- z)~^^^ , 
Sect. 4, which is only ^ 3% and is much less than the expected 
errors. 
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Figure 5. The most intensive twelve days of the monitoring, 
where the quasar was observed typically twice a day in the opti- 
cal. The V-band light curve (magnitudes from the participating 
ground-based observatories: Rozhen Schmidt camera and Belo- 
gradchik reflector, and Swift UVOT are shown separately) and 
the X-ray light curve (in arbitrary magnitudes) are compared in 
the figure. One sees the significant X-rays variations and almost 
constant optical flux (the standard deviation of the V-band mag- 
nitudes for this period is smaller than the average photometric 
error). 




Figure 6. The interpolated cross-correlation functions between 
the X-ray light curve and the optical/UV light curves. A clear 
peak for a positive r, indicating an optical/UV delay behind the 
X-rays is visible in most cases. The ICCFs are mostly negative 
due to the different overall trends of the X-ray and the optical 
emission (see the text). 
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Figure 7. Time lags versus the wavelength. The wavelength un- 
certainties are due to the filter transmission curves and the time 
ones — to the ICCF peak widths (see the text). Data points cor- 
respond to UVW2, UVM2, UVWl, U, B, V, R and I filters, from 
bottom to top, respectively. For I-band, the first positive maxi- 
mum is plotted, however a stronger maximum at t ~ —2 days is 
evident from Figure 6, possibly indicating that the reprocessing 
perhaps also plays a role, but is not the main factor, leading to 
a casual connection between the light curves. A fit to the data 
(r;^ ~ ^•^5000 I'^^y^l ) shown, indicating that the delay scales 

as expected for a standard accretion disk. The data, however, are 
not stringent enough to rule out other possibilities, since different 
fits are also possible. 

This behaviour is typical when the X-ray spectrum is ei- 
ther affected by partial covering absorption or reflection (e.g. 
Turner & Miller 2009, Grupe et al. 2008a). 

Next the spectra were fitted with a power law model 
with a partial covering absorber. These fits suggest a strong 
partial covering absorber in the low-state spectrum with an 
absorption column density of the order of 9x 10^^ cm~^ and 
a covering fraction of 95%. During the intermediate state 
the column density of the absorber decreases to 8x10 
cm^^ with a covering fraction of 93% and drops down to 
A'h.pc = 3.5 X 10^^ cm~'^ and fpc~78% during the high state. 
In order to check whether the data can be self-consistently 
fit, we fitted the low and high-state Swift data simultane- 
ously in XSPEC. In this case we tied the column densities of 
the partial covering absorber and the X-ray spectral slopes 
of both spectra but left the covering fractions and the nor- 
malisations free. Here we found an absorption column den- 
sity of A^H.pc = 8.1 X lO^'^ cm~'^ with covering fractions of 
91% and 86% for the low and high states, respectively. In 
all cases. Swift as well as XMM-Newton, the X-ray spec- 
tral slope remains around q:x=2.1 and does not show any 
significant changes within the errors. The partial covering 
absorber model can explain the variability seen in X-rays 
in PG 1211-1-143. The results obtained from the Swift data 
during the high state are consistent with those derived from 
the 2001 and 2004 XMM-Newton EPIC pn data. 

The spectra were also fitted with a blurred refiection 
model (Ross & Fabian 2005). Such models, where the pri- 
mary emission (i.e. the power law component) illuminates 
the accretion disk producing a reflection spectrum that is 
blurred by Doppler and relativistic effects close to the black 



Figure 8. Swift XRT low and high state spectra fitted by an 
absorbed single power law model. The black spectrum is the low 
and the red the high state spectrum. 

hole (e.g. Fabian et al. 1989) have been successfully applied 
to several NLSl X-ray spectra (e.g. Fabian et al. 2004; Gallo 
et al. 2007a, 2007b; Grupe et al. 2008a; Larsson et al. 2008). 
As shown in Figures!^ and [HJl the reflection model broadly 
describes the high- and low-flux states of PG 1211-1-143. In 
the simplest case, the blurring parameters and disk ionisa- 
tion are linked between the two epochs. The disk inclination 
(i) and outer radius (-Rout) are fixed to 30° and 400i?g, re- 
spectively; i?g is the Schwarzschild radius. The continuum 
shape (r) and normalisations of the reflection and power law 
were free to vary independently at each epoch. The resulting 
flt is reasonable {xt/dof — 1.30/105), considering the obvi- 
ous over-simplification of our model. The inner disk radius 
and emissivity index were found to be Rin = i-7Gl:ollRg 
and q = 5.57lg y^, respectively. The disk ionisation was 
^ — 116 ± 10. The intrinsic power law shape was signifi- 
cantly harder during the low-flux state, c^x,iow — 0.55^0 Qg, 
compared to Ox.high = 0.961q|^q during the high-state. The 
primary difference between the high and low state is the rel- 
ative contribution of the power law component to the total 
0.3-10 keV flux, being approximately 0.42 and 0.12, respec- 
tively. During the low-flux state the reflection component 
dominates the spectrum. 



3.7 Spectral energy distribution 

Figure[TT] displays the spectral energy distributions (SED) 
during the low state observation on 2007 April 17 (blue 
squares) and the high state observation on April 22 (red 
triangles). The optical/UV slope auv slightly changes from 
-0.67±0.12 to -0.56±0.10 between the low and high states. 
Most significant, however, is the change in the optical-to-X- 
ray spectral slope aoJ3 from Qox=1.84 during the low state 
to aox=1.48 during the high state. This low-state ctox almost 
makes it an X-ray weak AGN according to the definition by 



^ The X-ray loudness is defined by Tananbaum et al. (1979) as 
"ox=-0.384 log(/2kcv//,,00;). 
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Table 3. Spectral analysis of the X-ray low and high states of PG 1211+143 with the Galactic absorption column density set to 2.47x lO^" 
cm^2 given by Kalberla et al. (2005). The absorption column density of the partial covering absorber Afjj.pc is given in units of 10^^ 
cm^2 denotes the covering fraction of the partial covering absorber. The observed 0.2-2.0 and 2-10 koV fluxes i^o.2-2.0keV ^i^d 
^2-iOkcV are given in units of 10""*^^ ergs s"-*^ cm"^. 



Model 


"x.soft 


£'Broak 


'^x.hard 


-'Vh.pc /pc 




.^0.2-2.0kcV 


.P2-10kcV 


Low state 


Powl 
Bknpo 

Zpcfabs * powl 


1.73±0.10 


1 42+013 


-U-l8_o 18 


9-45ti;g2 0.95±0.02 


312/60 
68/58 
82/58 


1.59±0.10 
1.81±0.16 
1.76±0.26 


0.39±0.02 
2.45±0.21 
1.54±0.23 


Intermediate state 


Powl 
Bknpo 

Zpcfabs * powl 


1.71±0.15 
2.44±0.26 
2.22±0.20 


-^■-^''-0.14 






103/26 
30/24 
35/24 


3.65±0.36 
4.34±0.76 
4.07±1.47 


0.92±0.09 
3.85±0.67 
2.84±1.04 


High state 


Powl 
Bknpo 

Zpcfabs * powl 


1.47±0.06 

^•'-'0-0.15 
1.98±0.14 




0.84±0.14 


O 40 + 1.99 r, 70 + 0.05 


168/62 
91/60 
101/60 


7.04±0.29 
7.79±0.78 
7.50±1.76 


2.76±0.12 
5.06±0.51 
4.02±0.94 


High and Low state simultaneously 


Powl 
Bknpo 

Zpcfabs * Powl 


1.56±0.05 
2.14±0.10 
2.00±0.09 


1.30±0.12 


34+0 12 


0.91±0.02/0.86±0.03 


488/123 
215/121 
209/120 


1.49/7.24 
1.79/7.65 
1.65/7.68 


0.50/2.41 
1.62/6.92 
1.53/4.52 


XMM-Ncwton 2001 


Powl 
Bknpo 

Zpcfabs * powl 


1.97±0.02 
2.20±0.01 
2.15±0.01 


1.28±0.05 


0.71±0.05 


6.41±0.15 0.87±0.02 


13092/994 
4860/992 
5424/992 


5.56±0.03 
5.57±0.02 
5.50±0.10 


0.86±0.01 
3.04±0.02 
2.64±0.05 


XMM-Newton 2004 


Powl 
Bknpo 

Zpcfabs * powl 


1.62±0.01 
1.75±0.01 
1.73±0.01 


1.58±0.05 


0.85±0.03 


8.73±0.34 0.70±0.02 


4122/940 
1828/938 
1958/938 


5.63±0.05 
5.58±0.05 
5.58±0.17 


1.06±0.02 
3.12±0.03 
2.89±0.09 



Brandt et al. (2000), who defines AGN with aox>2.0 as X- 
ray weak. The luminosities in the Big-Blue-Bump are log 
iBBB=38.42 and 38.53 [W] for the low and high states, re- 
spectively. These luminosities correspond to Eddington ra- 
tios of L/LEdd=0.26 and 0.33, respectively, assuming a mass 
of the central black hole of QxlO^M© (Vestergaard & Peter- 
son 2006). 



4 DISCUSSION 

Based on the results from this study of the NLSl PG 
1211+143 we found that the short-time (and perhaps - even 
the long-time) variations of the X-ray and optical/UV con- 
tinuums do not seem to correlate well (Smith & Vaughan 
2007, and the references within) . While the X-ray continuum 
varied rapidly (more than 5 times during Swift monitoring 
campaign) with a general trend of brightness increase, the 
optical/UV continuum showed minimal changes with a gen- 
eral trend of brightness decrease. This is not unusual and is 
in fact reported for other objects (e.g. NGC 5548, Uttley et 
al. 2003). Such a behaviour sets constraints on different re- 
processing scenarios. We are going to discuss briefly several 
possibilities, assuming that the optical/UV emission is pro- 
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Figure 10. Ratio plot between the reflection model shown in 
Figure|9]and the data with the low state data shown in black and 
the high state data in red. 
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Figure 11. Spectral Energy Distributions of PG 1211+143 dur- 
ing the low and high states on 2007 April 17 and 22 (segments 
017 and 018, respectively). The low state Swift UVOT and XRT 
data are displayed as (blue) squares and the high state data as 
(red) triangles. 

duced by a standard, thin accretion disk, the central black 
hole mass is Mbh — 9 x 10^ Mq and the accretion rate (in 
Eddington units) is m ~ 0.3 (Sect. 3.7). The accretion rate 
is also consistent within the errors with the one found by 
Kaspi et al. (2000) and Loska et al. (2004). 

4.1 Cause of the X-ray weakness 

As shown in Figure[T] over the last 20 years PG 1211+143 
appears to be fainter in X-rays compared with the X-ray ob- 
servation during the 1980th. Especially during our Swift ob- 
servations during the beginning of our monitoring in March 
2007, PG 1211+143 was found to be in an historical X-ray 
low state especially in the 0.2-2.0 keV band. The X-ray spec- 
trum during the low state is somewhat similar to that found 
during the historical low state in Mkn 335 (Grupe et al. 
2007b, 2008a). Also, here the low state could be explained 
by a strong partial covering absorber. Later monitoring with 
Swift suggests that the absorber has disappeared again and 



that Mkn 335 is back in a high-state (Grupe et al. 2009, 
in prep.). Similarly, the low-state here was just a temporary 
event that lasted for a maximum of about a year. Partial cov- 
ering absorbers, however, can last significantly longer. One 
example is the X-ray transient NLSl WPVS 007 (Grupe et 
al. 1995), which has developed strong broad absorption line 
features in the UV (Leighly et al. 2009) and a strong par- 
tial covering absorber in X-rays (Grupe et al. 2008b). It has 
been in an extreme low X-ray state for more than a decade 
(Grupe et al. 2007a, 2008b). 

Statistically we cannot distinguish between the partial 
covering absorber or the reflection models. Both models 
result in similar '^jv. Both models can also be fit self- 
consistently leaving the intrinsic X-ray spectrum fixed and 
only affected by either partial covering absorption or refiec- 
tion. 

In the case of a partial covering absorber we can expect 
that the observed light is polarized like it has been seen in 
the NLSl Mkn 1239 which is highly optically polarized and 
shows a strong partial covering absorber in X-rays (Grupe et 
al. 2004). However, both PG 1211+143 and Mkn 335 do not 
show any sign of optical continuum polarization (Berriman 
et al. 1999, Smith et al. 2002). Note, however, that aU these 
polarimetry measurements were done when the objects were 
in their high-state. There are no polarimetry measurements 
(at least not to our knowledge) that were performed during 
their low states. Therefore the non polarization in the optical 
does not exclude the partial covering model. 

4.2 Compact central X-ray source or extended 
medium? 

It is commonly assumed that the most part of the AGN 
X-ray emission is produced close to the center, within the 
inner few tens J?g. The X-rays in radio-quiet objects may 
come from the inner part of an accretion disk, perhaps op- 
erating there in a mode of a very hot, geometrically thick, 
low-efficient accretion flow (e.g. ADAF) or from an active 
corona, sandwiching the disk. In either case, when studying 
the X-ray irradiation of the optically emitting outer parts of 
the disk (at ~ 100 — lOOOiig), the X-ray producing region 
could be considered as a point source, elevated slightly above 
the center of the disk and illuminating the periphery. Thus, 
a part of this highly variable by presumption X-ray emis- 
sion could be reprocessed into optical/UV emission, which 
variations will lag behind the X-ray variations. 

The temperature of a thin (Shakura-Sunyaev) accre- 
tion disk scales with the radial distance r (in Schwarzschild 
radu) as T{r) ~ 6 10^ {m/May^'^r-^^* [K] (Frank et al. 
2002). If a point-like X-ray source, located at some distance 
H above the disk, close to the center, irradiates the outer 
parts, it causes a temperature increase by a certain factor, 
but the radial temperature dependence happens to be the 
same (at least for r >> H). Since most of the visual/UV 
light is presumably due to viscous heating, not to irradi- 
ation, the temperature increase could be considered as a 
small addition to the usual disk temperature. Nevertheless, 
the X-ray variations should transform into some optical/UV 
variations with a time delay, due to the light crossing time. 
If each disk ring emits mostly wavelengths close to the max- 
imum of the Planck curve for the corresponding tempera- 
ture, one expects the time delays to scale with the wave- 
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length as ta ^ 5(rhM|)'^''^AgQQQ [days], which transforms to 
Tx ~ SAggoo [days] for the accretion parameters accepted 
above. 

The delay obtained from the fit in Sect. 3.5, however, 
appears to be ~2 times longer than expected, yet consistent 
with the expected dependence of A**^^. Although different 
fits to the data are possible, due to the uncertainties, the 
general offset seems to indicate a time inconsistency. A pos- 
sible explanation may be searched in the spatial location 
of the X-ray source. Even if the very center produces most 
of the X-ray emission, the outer disk may not "see" much 
of it. Instead, a large-scale back-scattering matter may be 
located at significant height above the disk, thus increasing 
the light-crossing time 2-3 times (Loska et al. 2004; Czerny 
& Janiuk 2007, see also their Fig. 6). In fact, the presence of 
such a back-scattering matter, in a form of a high-velocity 
outflow or a warm absorber is suggested by independent 
studies of this object (Pounds et al. 2003, Pounds & Page 
2006). One is to note however, that for a similar otherwise 
object - Mkn 335, the delays were found to be consistent 
with a direct irradiation from a compact central source (Cz- 
erny & Janiuk 2007). On the other hand, two recent studies 
by Arcvalo et al. (2008) and Brccdt et al. (2009) found sig- 
nificant correlation between the X-ray and optical bands at 
essentially zero time lag (yet, not necessarily inconsistent 
with the direct reprocessing, considering the uncertainties) 
for MR 2251-178 and Mkn 79, respectively. Finally, for a 
broad- line radio galaxy (3C 120), an otherwise different type 
of object, but with similar to PG 1211-1-143 black hole mass 
and accretion rate, Marshall et al. (2009) found a ~28 days 
delay of R-band behind the X-rays, being longer than ex- 
pected and similar to our findings. Since the results from 
these and other studies have not shown a systematic inter- 
band behaviour, one approach to resolve the problem could 
be to study separately different types of objects, grouped 
by their intrinsic characteristics, like central masses, accre- 
tion rates, line widths. X-ray and radio properties, etc. (e.g. 
Bachev, 2009), in order to reveal how the presence of disk 
reprocessing might be related to overall quasar appearance. 

On the other hand, instead from around the central 
black hole, the variable X-ray emission could come from 
many active regions (flares) in the corona, covering the 
optically emitting parts of the disk (Czerny et al., 2004). 
Such active regions (or hot spots) can irradiate the disk 
locally, producing almost instantaneous optical/UV contin- 
uum changes. The later can be significant enough to be ob- 
servable under some conditions. The observed wavelength- 
dependent time delay however, seems to make this possibil- 
ity unlikely. 



4.3 Why is the optical/UV continuum poorly 
responding to the X-ray changes? 

A few factors can contribute to the apparent lack of sig- 
nificant correlation between the optical/UV and X-ray con- 
tinua. First, the possibility that the X-ray emission is highly 
anisotropic (Papadakis et al. 2000), or the disk geometry is 
far from flat (bumpy surface, Cackett et al. 2007; or warps, 
Bachev 1999), leading only to a minor optical response to the 
huge otherwise X-ray changes, cannot entirely be ruled out. 
Yet, the observed ~2 times longer lags than expected are 



difficult to explain in terms of such an assumption, since in 
the presence of a large-scale backscattering medium, needed 
to account for the extra light travel path, the unevenness of 
the surface should be of little significance. 

Another possibility, which might explain the large X- 
ray variations and the absence of optical/UV such is the 
presence of absorbing matter along the line of sight. If lo- 
cated close enough to the center, it can partially obscure the 
compact X-ray source from the observer, but not too much 
from the larger, optically emitting part of the accretion disk. 
In such a case, indeed, the large X-ray variations observed 
would hardly be transferred into the optical bands. Unfor- 
tunately, the X-ray spectral fitting cannot distinguish well 
enough between reflection and absorption models, to be able 
to determine which one shapes the X-ray continuum most. 



4.4 X-ray emission — leading or trailing? 

Taking into account the jjositiou of the highest maxiirmm 
of the I-band ICCF (Figure 6), the I- band changes appear 
to lead the X-ray ones. One way to explain this result, if 
real at all, is invoking the synchrotron-self Compton (SSC) 
mechanism to account for part of the produced X-rays. SSC 
assumes that some of the near-IR photons might have a syn- 
chrotron origin, and could later be scattered by the same 
relativistic electrons to produce the X-ray flares, lagging be- 
hind the infrared. However, the available data set, based 
merely on the light curves information, cannot justify uridis- 
putedly such an explanation. Furthermore, no strong jet or 
significant radio emission is present in this object (where 
SSC is typically assumed to play a significant role). So, if 
SSC is to account for the delay of the X-ray behind the 
I-band, this process has to take place in a the base of a 
possible failed jet (Czerny et al., 2008, and the references 
therein) or in the central parts of the disk, where the disk 
could operate as a very hot flow, and where hot electrons 
and perhaps strong magnetic fields could be present. 



5 SUMMARY 

In this paper we presented the results of a continuum (X-ray 
- to optical I-band) monitoring campaign of PG 1211+143, 
performed with Swift and ground-based observatories. The 
main results are summarized below: 

(i) In spite of being in a very low X-ray state, the 

quasar PG 121H-143 showed significant X-ray variations 
(up to 5 times) on daily basis, with only minor optical/UV 
flux changes. This behaviour indicates that a rather small 
amount of the hard radiation is reprocessed into longer wave- 
lengths. Since both, reflection and absorption models flt 
equally well the X-ray spectrum, we are unable to deter- 
mine the exact cause of the X-ray weakness of PG 1211-1-143 
during its 2007 minimum. 

(ii) Interband cross-correlation functions suggest that a 
wavelength-dependent time delay between the X-ray and the 
optical/UV bands is present, indicating that at least a part 
of the X-rays is reprocessed into longer wavelengths. 

(iiiy Although the r — A dependence followed the general 
trend expected for a thin accretion disk (i.e. tx ~ A''^^), 
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the delays are ^^2 times longer, implying the possible exis- 
tence of a large-scale back-scattering matter above the disk 
(wind/ warm absorber), rather than a central point-like X- 
ray source, directly irradiating the disk. 

(iv) Even if the object is radio-quiet, with no strong jet 
known, we found indications that the SSC mechanism may 
play some role in the X-ray production. 
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Variability in quasars 13 

Table Al. Summary of the Swift observations of PG 1211+143. Start and end times Tgtart and Tgnjj of the observations are given in 
UT and all exposure times are given in units of s. 



Segment 


'^start 


'^cnd 


JD-2454000 


2xRT 


Tv 




Tu 


Twi 


Tm2 


Tw2 


001 


onriT A /T no nn ao 

2UU7 Mar Uo UU:4o 


nnn'7 T\ T no no ocr 

ZUU7 Mar Uo U2;o5 


167 


1111 














002 


2007 Mar 09 01:03 


nnn'v tvt nn nn k a 

2007 Mar 09 02:54 


168 


1781 


148 


148 


148 


298 


373 


596 


003 


2007 Mar 10 17:20 


2007 Mar 10 22:17 


169 


1695 


154 


154 


154 


309 


203 


621 


004 


onnT n /T 11 in no 

2Uu7 Mar 11 iy:Uo 


nnn'7 tv t 11 no crn 

ZUU7 Mar 11 2o:oi) 


170 


1711 


154 


154 


154 


310 


217 


621 


005 


2007 Mar 12 15:55 


nnn^ TV T 1 n on 

2007 Mar 12 20:52 


171 


1666 


149 


149 


149 


300 


219 


601 


006 


onnT n J 1 o on. rrn 

zUU7 Max 16 zU:oU 


zUU7 Mar 16 22:64: 


172 


844 


74 


74 


74 


149 


117 


301 


007 


2007 Mar 14 09:10 


onn^T Tvj 1(1100(1 

2007 Mar 14 12:34 


173 


1995 


168 


168 


168 


336 


403 


670 


008 


2007 Mar 15 11:07 


2007 Mar 15 13:02 


174 


1769 


145 


145 


145 


292 


399 


583 


009 


2007 Mar 16 00:02 


2007 Mar 16 17:54 


175 


1566 


142 


145 


145 


295 


82 


593 


010 


2007 Mar 17 08:21 


2007 Mar 17 19:12 


176 


2689 


208 


231 


231 


467 


478 


932 


Oil 


2007 Mar 18 10:05 


2007 Mar 18 16:39 


177 


1738 


149 


149 


149 


300 


292 


601 


012 


2007 Mar 19 10:11 


2007 Mar 19 16:45 


178 


1683 


144 


144 


144 


292 


282 


582 


013 


2007 Mar 26 07:09 


2007 Mar 26 08:28 


185 


2006 


166 


166 


166 


331 


444 


664 


014 


2007 Apr 02 20:57 


2007 Apr 02 22:36 


192 


2450 


201 


201 


201 


403 


559 


808 


016 


2007 Apr 11 09:12 


2007 Apr 11 14:09 


201 


1756 


157 


157 


157 


318 


233 


633 


017 


2007 Apr 17 00:13 


2007 Apr 17 06:46 


207 


2043 


168 


168 


168 


338 


417 


678 


018 


2007 Apr 22 11:53 


2007 Apr 22 15:18 


212 


2063 


171 


171 


171 


342 


434 


684 


019 


2007 Apr 30 04:44 


2007 Apr 30 06:32 


220 


1356 


114 


114 


114 


226 


289 


454 


021 


2007 May 09 15:13 


2007 May 09 17:04 


229 


1398 


70 


139 


139 


277 


183 


539 


022 


2007 May 14 04:04 


2007 May 14 05:59 


234 


2257 


185 


186 


186 


372 


518 


744 


023 


2007 May 20 01:28 


2007 May 20 03:12 


240 


857 




176 


176 


354 




120 


021 


2008 IVI) 17 07:5() 


2008 l'(-l> 17 07:59 


513 


188 















Table A2. XRT Count rates and hardness ratios and UVOT magnitudes of PG 1211+143. The UVOT magnitudes were corrected for 
Galactic reddening (Eb-v=0.035; Schlegel et al. 1998). 



Segment 


CR 


HR 


V 


B 


U 


UV Wl 


UV M2 


UV W2 


001 


0.050+0.007 


-0.19+0.13 














002 


0.057+0.006 


+0.02+0.11 


14.32+0.02 


14.59+0.01 


13.33+0.01 


13.31+0.01 


13.16+0.01 


13.18+0.01 


003 


0.049+0.006 


-0.27+0.12 


14.28+0.02 


14.56+0.01 


13.31+0.01 


13.25+0.01 


13.17+0.01 


13.12+0.01 


004 


0.085+0.008 


-0.14+0.09 


14.26+0.02 


14.58+0.01 


13.29+0.01 


13.24+0.01 


13.15+0.01 


13.12+0.01 


005 


0.119+0.009 


-0.21+0.08 


14.26+0.02 


14.56+0.01 


13.31+0.01 


13.26+0.01 


13.08+0.01 


13.11+0.01 


006 


0.059+0.009 


-0.17+0.15 


14.29+0.02 


14.52+0.01 


13.33+0.01 


13.27+0.01 


13.07+0.03 


13.11+0.01 


007 


0.071+0.006 


-0.09+0.08 


14.26+0.02 


14.56+0.01 


13.28+0.01 


13.23+0.01 


13.10+0.01 


13.09+0.01 


008 


0.060+0.006 


+0.08+0.06 


14.26+0.02 


14.58+0.01 


13.37+0.01 


13.28+0.01 


13.17+0.01 


13.18+0.01 


009 


0.071+0.007 


-0.16+0.10 


14.29+0.02 


14.56+0.01 


13.29+0.01 


13.25+0.01 


13.22+0.04 


13.09+0.01 


010 


0.059+0.005 


-0.10+0.09 


14.27+0.02 


14.54+0.01 


13.31+0.01 


13.26+0.01 


13.12+0.01 


13.12+0.01 


Oil 


0.072+0.007 


-0.15+0.09 


14.29+0.02 


14.60+0.01 


13.33+0.01 


13.28+0.01 


13.12+0.01 


13.15+0.01 


012 


0.045+0.006 


-0.05+0.12 


14.29+0.02 


14.60+0.01 


13.38+0.01 


13.27+0.01 


13.14+0.01 


13.13+0.01 


013 


0.139+0.009 


-0.14+0.06 


14.27+0.02 


14.55+0.01 


13.30+0.01 


13.20+0.01 


13.08+0.01 


13.09+0.01 


014 


0.171+0.008 


-0.22+0.05 


14.27+0.02 


14.57+0.01 


13.30+0.01 


13.24+0.01 


13.10+0.01 


13.11+0.01 


016 


0.037+0.005 


-0.18+0.13 


14.28+0.02 


14.58+0.01 


13.32+0.01 


13.29+0.01 


13.15+0.01 


13.15+0.01 


017 


0.060+0.006 


-0.17+0.09 


14.36+0.02 


14.68+0.01 


13.43+0.01 


13.37+0.01 


13.28+0.01 


13.32+0.01 


018 


0.332+0.013 


-0.21+0.04 


14.26+0.02 


14.57+0.01 


13.34+0.01 


13.24+0.01 


13.10+0.01 


13.10+0.01 


019 


0.095+0.009 


-0.16+0.09 


14.33+0.02 


14.58+0.01 


13.30+0.01 


13.24+0.01 


13.11+0.01 


13.16+0.01 


021 


0.293+0.015 


-0.11+0.05 


14.26+0.02 


14.58+0.01 


13.32+0.01 


13.26+0.01 


13.11+0.02 


13.13+0.01 


022 


0.294+0.012 


-0.15+0.04 


14.27+0.02 


14.60+0.01 


13.39+0.01 


13.26+0.01 


13.17+0.01 


13.17+0.01 


023 


0.095+0.011 


-0.18+0.11 




14.61+0.01 


13.35+0.01 


13.30+0.01 




13.18+0.01 


024 


0.375+0.045 


-0.10+0.12 
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Table A3. Ground-based observations. All magnitudes are corrected for Galactic reddening (Eb-v=0.035; Schlegel et al. 1998) 



JD (2ir,l..) 


1" 


13 




R 






1 


hist.r. 


1 1 c;o 




1 A Tn 1 n 1 n 
14. / ydiU.lU 


1 A on_i_n nQ 
14.zyiLU.Uo 


1 Q o^;_i_n m 

lo.yoiLu.ui 


1 Q 

lo 


to 


1 n no 
iLU.Uz 




1 f^Q f^O 
LOo.OZ 






1 A oo-un r\A 
14.ZZiLU.U4 












1 QO 
iO ( .Oi) 




i4.4yitU.U4 


1 A OA J_n no 
14.Z4±:U.Uz 


1 Q ni J_n no 
lo.yi±:U.Uz 


1 Q 

lo 


10 

i z 


1 n no 
iLU.Uz 


Ixon 


i / i.Oo 


1 Q OQ_LA n? 


14.oUiLU.Uo 


1 A oc:_Ln no 
14.zOzLU.Uz 


1 Q ni -Ln no 
lo.yizLU.Uz 


1 Q 

lo 


TQ 

/ o 


-Ln nQ 
iLU.Uo 


rton 


1 TO AO 


1 Q QQ_i_n nr; 


T A CI j_n no 
14.oirLU.Uz 


1 A OT 1 n no 
14. .^i ( iLU.Uz 


1 Q DQ-Ln no 
lo.yo±U.Uz 


1 Q 

lo 


TA 
1 4 


1 n no 
iLU.Uz 


rtoii 






14.0cSiLU.U ( 


1 A OQ_i_n no 
14.zcS±U.Uz 


1 Q D/i-Ln ni 
lo.y4±U.Ul 


1 Q 

lo 


TQ 
( o 


1 n m 
iLU.Ul 




1 '7K QK 
i (O.OO 




1 A c'T-un n? 
14.0 ( iLU.U ( 


1 A OQ_i_n no 
14.zcS±U.Uz 


1 Q nQ_i_n m 
lo.yoiLU.Ul 


1 Q 

lo 


TA 
1 4 


1 n ni 
iLU.Ul 




i tO.OL 




14.4 r diU.lU 


1 A OQ_i_n no 
14..^icS±U.Uz 


1 Q n/i_i_n ni 
lo.y4iLU.Ul 


1 Q 

lo 


TK 


1 n ni 
diU.Ul 


A i^Ti 


i / D.40 


1 Q Qn_l_n HQ 


1 A /in_Ln nQ 
14.4yitU.Uo 


1 A Ofi-Un no 
14.z0zLU.Uz 


1 Q nQ_i_n no 
lo.yozLU.Uz 


1 Q 

lo 


IO 

( z 


1 n no 
iLU.Uz 


rton 








1 A OQ-Un nQ 
14.ZoiLU.Uv5 


1 Q nfi-un no 
lv5.yDiLU.Uz 


1 Q 

lo 


TQ 
/ O 


1 n no 

iLU. Uo 








1 A c;c;_Ln 1 n 
14.0CntU. lU 


1 A oQ-un no 
14.^oiLU.Uz 


1 Q no-un no 
lv5.yziLU.Uz 


1 Q 

lo 


7/1 
/ 4 


1 n no 
iLU. Uz 




1 TO /I 7 




1 A c;'7_i_n 1 n 
14.0 ( ibU. lU 


1 A Ofi-Un no 
14.^DitU.Uz 


1 Q c\A -Ln no 
lv5.y4±:U.Uz 


1 Q 

lo 


1 A 
i 4 


1 n no 
iLU. Uz 




1 no /in 




1 A Kn_Ln ni 
14.0UiLU.Ul 


1 A oc:_Ln ni 
14.zOiLU.Ul 


1 Q no-Ln ni 
lo.yozLU.Ul 


1 Q 

lo 


TC 

/ o 


1 n ni 
iLU.Ul 


"DO™ 


200.43 




T A at _Ln ni 
14.0l±U.Ul 


1 A oQ_i_n m 
14.2o±U.Ul 


1 Q n'7_L_n m 
lo.y7±U.Ul 


13 


7d 


diO.Ol 


R2m 


om A A 
zUi.44 




1 A Kfi-Un nQ 
14.0DiLU.Uo 


1 A oo_i_n nQ 
14.zz±U.Uo 


1 Q n/i_i_n nQ 
lo.y4±U.Uo 








rlzm 


201.45 




1 A C7_Ln no 
14.o7±U.Uz 


1 A OQ_i_n m 
14.zo±U.Ul 


1 Q n'7_i_n m 
lo.y7ibU.Ul 


13 


TC 

75 


diO.Ol 


DOT-. 

Hon 






1 A c'7_j_n ni 
14. o r ±U.Ui 


1 A oQ_i_n nQ 
14..^io±U.Uo 


1 A nn_i_n ni 
14.UU±U.U1 


1 Q 

lo 


Te 


1 n ni 
diU.Ul 


rtoil 


zU4.o4 




1 A ^iQ-un ni 
14.ooiLU.Ul 


1 A oQ_i_n ni 
14.zozLU.Ul 


1 Q nT 1 n ni 
lo.y / zLU.Ul 


1 Q 

lo 


TQ 
iO 


1 n m 
iLU.Ul 


rtoii 


zuo.4y 


1 Q Qn_i n HQ 

io.oy±u.uo 


1 A c^i^-j_n no 
14.00=LU.UZ 


1 A oQ-un no 
14.zoiLU.Uz 


1 Q nv-un no 
lv5.y / iLU.Uz 


1 Q 

lo 


11 


1 n no 
iLU. Uz 


Ixon 


210.41 


1 Q Q _Ln no 


1 A c;i^_Ln no 
14.00±U.U2 


1 A on_Ln no 
14.2y±U.Uz 


1 Q n'T-Ln no 
lo.y ( ±U.Uz 


13 


76 


di0.02 


Hon 


01 1 QQ 

zll. oo 


1 Q QO_i_n nQ 


1 A Kn_Ln no 
14.0yiLU.U^ 


1 A Q1 J_n ni 
14.ol±U.Ul 


1 Q on_Ln no 
lv5.yyiLU.Uz 


1 Q 

lo 


11 


1 n no 
iLU. Uz 


"D Gl, 

Koil 


213.29 




1 A ^;n_Ln nc; 
14.bU±U.Uo 


1/1 Q 1 _Ln no 
14.ol±U.U2 


1 Q n /I _Ln ni 
lo.y4±U.Ul 


13 


76 


di0.02 


AUri 


oi ^7 on 

zi ( .zy 




1 A Kfi-Ln nc; 
14.0OiLU.UO 


1 A Qfi-Un nQ 
14.oDiLU.Uo 


1 Q nn_Ln no 
lv5.yyiLU.Uz 


1 Q 

lo 


11 


1 n no 
iLU.Uz 




230.35 




1 A £iO-i—r\ nc 
14.o2±U.Uo 


1 A oo_Ln no 
14.Zo±U.Uz 


1 Q ni;_Ln ni 
lo.yoibU.Ul 


13 


7d 


diO.Ol 




zoi.oU 




T A fil -Un nr; 
14.OliLU.UO 


1 A oT 1 n no 
14. z ( iLU.Uz 


1 Q nc;_i_n m 
lo.yozLU.Ul 


1 Q 

lo 


lA 
( 4 


1 n ni 
iLU.Ul 




232.31 




1 A fiQ-l—r\ nfi 
14.0o±U.UD 


1 A on_i_n no 
14.zy±U.Uz 


1 Q nc_i_n no 
lo.yoibU.Uz 


13 


lA 

74 


di0.02 


AUo 


OQQ /lO 

Z00.4Z 




14.0yiLU.UO 


1 A QQ_i_n no 
14.oozLU.Uz 


lo.yozLU.Ul 


1 Q 

lo 


IQ 


1 n ni 
iLU.Ul 




OQ /I Qn 
zo4.oU 




1 A fifi-un n*^ 
14.DDiLU.UO 


1 A oQ-un no 
14.zo±U.Uz 


1 Q nQ-Ln ni 
lo.yo±U.Ul 


1 Q 

lo 


11 

( i 


1 n ni 
iLU.Ul 




ZoO.oZ 




1 A fin_Ln n'7 
14.dUiLU.U ( 


1/1 Qi 1 n no 
14.ol±U.Uz 


iQ nc-Ln ni 
lo.yo±U.Ul 


1 Q 

lo 


11 


1 n ni 
iLU.Ul 




OQQ Q 7 




14.0 / ±U.U1 


1 A OQ _Ln ni 
14.Zo±U.Ul 


1 Q m _Ln ni 

io.yi±u.ui 








R2m 


OA 7 /I c; 
Z4 / .4o 




1 A c;i^_Ln no 
14.0DiLU.UZ 


1 A onj_n nQ 
14.zy±:U.Uo 


1 Q nn_Ln nQ 
lo.yy±U.Uv5 


1 Q 

lo 


Q 1 


1 n nQ 
iLU. Uo 


"D Gil 

Ixon 


o/^n Qn 


1 Q Q c;_i_n n c; 


1 A i^n_Ln no 


1/1 Q 1 _Ln no 
14.ol±U.Uz 


1 A nnj_n no 
14.UU±U.Uz 


13 


82 


di0.02 


"D GU 

Hon 


Ofll Qfi 




1 A i^o-un 1 
14.0ziLU.l0 


1 A QQ_Ln no 
14.oozLU.Uz 


1 A no-un no 
14.UzzLU.Uz 


1 Q 

lo 


QQ 
OO 


1 n no 
iLU.Uz 


A r\Ti 
AiJrS 


262.40 




1 A ^; c_Ln nQ 
14.00±U.Uo 




1 A ni _i_n no 
14.Ul±U.Uz 


13 


7y 


di0.03 


Hon 


Ofi'i Qfi 
ZOO.oD 




T A HI -un nQ 
14.01iLU.Uo 


1 A QQ_i_n no 
14.ooiLU.Uz 


1 Q nT 1 n no 
lo.y { zLU.Uz 


1 Q 

lo 


<51 


1 n nQ 
dzU.Uo 


rton 


265.35 




14.64ib0.10 


14.39±0.02 


14.05zb0.02 


13 


87 


±0.02 


AOB 


265.42 




14.68±0.02 


14.35±0.02 


14.00±0.03 


13 


84 


±0.02 


RSh 


266.40 




14.66di0.02 


14.33±0.02 


14.01it0.02 


13 


81 


±0.02 


RSh 


289.31 




14.72±0.13 


14.36±0.02 


14.01±0.02 


13 


84 


±0.02 


AOB 


290.35 




14.76d=0.13 


14.35±0.02 


14.01±0.02 


13 


85 


±0.03 


AOB 


291.34 




14.69d=0.02 


14.32±0.02 


14.06±0.01 


13 


89 


±0.01 


RSh 


292.31 




14.68ib0.02 


14.28zb0.02 


14.03zb0.01 


13 


87 


±0.01 


RSh 


292.36 






14.32±0.06 


13.95±0.06 








AOB 


293.32 




14.67ib0.01 


14.38±0.02 


14.04±0.01 


13 


85 


±0.01 


RSh 


296.33 




14.73ib0.03 


14.38±0.02 


14.02di0.01 








RSh 


298.30 




14.62±0.03 


14.37ib0.02 


14.03±0.03 


13 


85 


±0.03 


RSh 


299.30 


13.51±0.09 


14.66ib0.03 


14.36ib0.02 


14.02±0.02 


13 


86 


±0.03 


RSh 


303.30 




14.81ib0.02 


14.38±0.01 


14.07±0.01 


13 


89 


±0.02 


R2m 



